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Terrai n Awareness and VWarni ng System

AGENCY: Federal Aviation Adm nistration, DOT.

ACTION:  Notice of proposed rul enaki ng.

SUVMARY: The Federal Aviation Adm nistration (FAA) proposes
to issue operating rules that would prohibit operation of
tur bi ne-powered U. S.-regi stered airplanes type certificated
to have six or nore passenger seats, exclusive of pilot and
copil ot seating, unless that airplane is equi pped with an
FAA- approved terrai n awareness and warni ng system (al so
referred to as an enhanced ground proximty warning systen).
This proposal would affect aircraft operated under parts 91,
121 and 135. Because operators under part 125 and operators
of U S -registered airplanes under part 129 nust conply with
part 91, they would al so have to neet this requirenent. This
change i s needed because there have been several accident

i nvestigations and studies that have shown a need to expand
the safety benefits of ground proximty warning systens to
certain additional operations. |In addition, these

i nvestigations and studi es have shown that there is a need



to increase the warning tines and situational awareness of
flight crews to decrease the risk of controlled flight into
terrain accidents.

DATES: Coments nust be received by Novenber 24, 1998.
ADDRESSES: Comments on this notice should be nmailed, in
triplicate to: Federal Aviation Admnistration, Ofice of
the Chief Counsel, Attention: Rules Docket (AGC-200),
Docket No. 29312, 800 Independence Avenue, SW, Washi ngton,
DC 20591. Coments nmay al so be sent electronically to the
Rul es Docket by using the followi ng Internet address: 9-
nprmcnt s@ aa. dot. gov. Comments nust be marked Docket No.
_____ Comments may be exam ned in the Rules Docket in
Room 915G on weekdays between 8:30 a.m and 5:00 p.m,
except on Federal holidays.

FOR FURTHER | NFORMATI ON CONTACT: Manuel Macedo, Aircraft
Engi neering Division, AIR 100, Aircraft Certification
Service, Federal Aviation Adm nistration, 800 | ndependence
Avenue, SW, Washington, DC 20591; Tel ephone: (202) 267-

9566.



SUPPLEMENTARY | NFORVATI ON:
Comments Invited

I nterested persons are invited to participate in this
proposed rul emaki ng by submtting such witten data, views,
or argunents as they may desire. Comments relating to the
environnmental , energy, federalism or econom c inpact that
may result from adopting the proposals in this notice are
also invited. Coments that provide the factual basis
supporting the views and suggestions presented are
particul arly hel pful in devel opi ng reasoned regul atory
deci sions. Conmuni cations should identify the regulatory
docket nunmber and be submtted in triplicate to the above
specified address. All comunications and a report
summari zi ng any substantive public contact with FAA
personnel concerning this rulemaking will be filed in the
docket. The docket is available for public inspection both
before and after the closing date for receiving comments.

Before taking any final action on this proposal, the
Adm nistrator wll consider all comments nmade on or before
the closing date for comments, and the proposal my be
changed in light of the coments received.

The FAA will acknow edge recei pt of a cooment if the
comenter includes a self-addressed, stanped postcard with

the coment. The postcard should be marked "Conments to



Docket No. XXXXX." \When the coment is received by the FAA

the postcard will be dated and returned to the commenter.

Avai l ability of the Notice

Any person may obtain a copy of this notice of proposed
rul emeki ng (NPRM by submtting a request to the Federal
Avi ation Adm nistration, Ofice of Rul enmaking, 800
| ndependence Avenue SW, Washington, DC 20591, or by
calling (202) 267-9677. Communi cations nust identify the
noti ce nunber of this NPRM Persons interested in being
placed on a mailing list for future FAA NPRM s shoul d
request a copy of Advisory Circular No. 11-2A Notice of
Proposed Rul emaking Distribution System which describes
appl i cation procedures.

An el ectronic copy of this docunent may be downl oaded
usi ng a nodem and suitabl e comruni cati ons software fromthe
FAA regul ations section of the Fedworld electronic bulletin
board service (tel ephone: 703-321-3339). Internet users may
reach the FAA's web page at http://ww. faa.gov or the
Federal Register’s webpage at
http://ww. access. gpo. gov/ NARA/ i ndex. html for access to

recently published rul emaki ng docunents.

Backgr ound



Beginning in the early 1970's, a nunber of studies
| ooked at the occurrence of “controlled flight into terrain”
(CFIT)-type accidents, where a properly functioning airplane
under the control of a fully qualified and certificated crew
is flowm into terrain (or water or obstacles) with no
apparent awareness on the part of the crew

Fi ndi ngs fromthese studies indicated that many such
accidents could have been avoided if a warning device called
a ground proximty warning system (GPW5) was used. As a
result of these studies and recomendations fromthe
Nat i onal Transportation Safety Board (NTSB), in 1974 the FAA
required all part 121 certificate holders (i.e., those
operating | arge turbine-powered airplanes) and sone part 135
certificate holders (i.e., those operating | arge turbojet
ai rplanes) to install Technical Standard O der (TSO
approved GPWS equi pnent (88 121.360 and 135.153).
(39 FR 44439, Decenber 18, 1974).

In 1978 the FAA extended the GPWS requirenent to part
135 certificate holders operating smaller airplanes:
tur boj et - powered airplanes with 10 or nore passenger seats.
These operators were required to install TSO approved GPWS
equi pnent or alternative ground proximty advisory systens
that provide routine altitude callouts whether or not there
is any imm nent danger (8 135.153). (43 FR 28176, June 29,

1978). This requirenent was consi dered necessary because of



the conplexity, size, speed, and flight performance
characteristics of these airplanes. The GPWS equi pnent was
consi dered essential in helping the pilots of these

ai rplanes to regain altitude quickly and avoid what could
have been a CFIT-type acci dent.

Installation of GPWS's or alternative FAA-approved
advi sory systens was not required on turbo-propeller powered
(turboprop) airplanes operated under part 135 because, at
that tinme, the general consensus was that the perfornmance
characteristics of turboprop airplanes made them | ess
susceptible to CFIT accidents. For exanple, it was thought
that turboprop airplanes had a greater ability to respond
qui ckly in situations where altitude control was
i nadvertently negl ected, as conpared to turbojet airplanes.
However | ater studies, including investigations by the NTSB,
anal yzed CFI T accidents involving turboprop airplanes and
found that many of these accidents could have been avoi ded
i f GPWS equi prent had been used.

Sone of these studies also conpared the effectiveness
of the alternative ground proximty advisory systemto the
GPWs. GPW5 was found to be superior in that it would warn
only when necessary, provide maximumwarning tine with
m ni mal unwanted al arns, and use command-type war ni ngs.

Based on these reports and NTSB reconmendations, in

1992 the FAA anended 8§ 135.153 to require GPWS equi pment on



all turbine-powered airplanes with 10 or nore passenger

seats. (57 FR 9944, WMarch 20, 1992).

NTSB Recommendat i ons

Foll owi ng the investigation of a CFIT accident south of
Dulles International Airport on June 18, 1994, involving a
Learjet 25D in which there were 12 fatalities, the NTSB
recommended (Recommendati on A-95-35) that the FAA nmandate
that all turbojet-powered airplanes equi pped with six or
nor e passenger seats have an operating ground proximty
war ni ng systeminstalled. That recommendation al so nade
reference to an earlier, simlar NISB reconmendati on
(Recomrendati on A-92-055) resulting froma 1991 CFIT
acci dent involving a Beechjet 400. Both planes were
corporate jets flying under part 91 and were not required to
have GPWS equi pnent install ed.

More recently, the NTSB i ssued Recommendati on A-96-101
based on its investigation of a CFIT acci dent northeast of
Cali, Colunbia, on Decenber 20, 1995, involving an Anerican
Airlines Boeing 757 airplane operating under part 121, which
resulted in 159 fatalities. The NISB recommended that the
FAA exam ne the effectiveness of enhanced ground proximty
war ni ng equi pnent (described in the follow ng section), and
if found effective, require all transport-category aircraft

to be equipped with this equipnment. Although the accident



ai rpl ane was equi pped with the mandatory GPW5, the GPWS did
not provide the warning in time for the crew to successfully

avoi d the nount ai nous terrain.

Terrai n Awareness and Warni ng System (Enhanced G ound
Proxi mty Warni ng System

Advances in terrain mappi ng technol ogy have permtted
t he devel opnment of a new type of ground proximty warning
systemthat provides greater situational awareness for
flight crews. The FAA has approved certain installations of
this type of equipnent, known as the enhanced ground
proxi mty warning system (EGPW5). However, in this NPRV
the FAA is using the broader term*“terrai n awareness and
war ni ng systeni (TAWS) because the FAA expects that a
variety of systenms may be developed in the near future that
woul d neet the inproved standards being proposed in this
NPRM

TAWS i nproves on existing systenms by providing the
flight crew automati c advanced aural and visual warning of
i npending terrain, nmuch earlier warning, forward | ooking
capability, and operability in |anding configuration. These
i nprovenents provide nore tinme for the flight crew to make
snoot her and gradual corrective action. These functions are

nmore fully described under *“Functions and Approval of TAWS.”



Vol pe National Transportation Systens Center Studies

In recent years, the FAA conmm ssioned several studies
by DOI’s Vol pe National Transportation Systens Center
(VNTSC) to exam ne the effectiveness of GPWS and EGPWS in
preventing CFIT accidents in various aircraft categories and
operations. These are described bel ow.

Part 91 Study

In 1996, the FAA conm ssioned VNTSC to consider the
installation of current GPW5 or EGPW5 on all part 91
t ur bi ne- powered airplanes of 6 or nore passenger seats.
Al t hough NTSB Recomendati on A-95-35 addressed only
turbojets, the FAA expanded the study focus to include al
t ur bi ne- power ed airpl anes because of the results of the
previ ous studi es and rul emaki ng di scussed earlier.
Forty-four CFIT accidents that occurred between 1985
and 1994 were studied. The airplanes involved had from six
to ten passenger seats and were operating under part 91.
El even were turbojets and 33 were turboprops. Because these
flights were not conducted under parts 121 or 135, GPW5 was
not required and none of the airplanes had GPW5 install ed.
By using conputer nodeling techniques, VNISC cane to the
follow ng conclusions: (1) GPWS neeting TSO C92 coul d have
avoi ded 33 of the 44 (75% accidents and 96 fatalities; and
(2) EGPWS coul d have avoided 42 of the 44 (95% accidents

and 126 fatalities. The EGPW5 eval uated in the Vol pe



studi es woul d neet the TAWS requirenents proposed in this
NPRM A nore detailed analysis is included in FAA study
DOT- TSC- FA6D1-96- 01, Investigation of Controlled Flight Into
Terrain, which is included in the public docket for this

rul emaki ng, or can be obtained by contacting the Aircraft
Engi neering Division, AIR 100, Aircraft Certification
Service, Federal Aviation Adm nistration, 800 |Independence
Avenue, SW, Washington, DC 20591; Tel ephone: (202) 267-

9566.

Part 121/135 Study

Later in 1996, the FAA conmm ssioned VNTSC for a second
study focusing on a retrofit of GPWS with EGPWS on ai rpl anes
operated under part 121 and part 135. This study docunents
an investigation of CFIT aircraft accidents involving
aircraft flying under part 121 and 135 flight rules, or
their foreign equivalents, and evaluating the potential for
acci dent prevention by EGPWS.

There were over 100 fatal CFIT accidents worl dw de
during the study period of 1985 to 1995. A list of 47
donestic and 104 foreign accidents of aircraft with
characteristics simlar to those that woul d be covered by
the proposed rule was conpiled. O these totals, 38
donestic accidents and 96 foreign accidents involved

fatalities. Due to resource constraints, detailed analysis
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of all these accidents was not possible. The staff of the
VNTSC devel oped a net hodol ogy and schene for selecting a
representative sanple for detailed study and anal ysi s.

Wil e not an exhaustive conpilation of all CFIT accidents,

it represents an effort to review the characteristics of
nost major CFIT accidents. Fromthis process nine accidents
were selected for detail ed anal ysis worl dw de.

Anal ysis showed that four of the nine accidents (44%
shoul d have been prevented by the basic GPWS equi pnment t hat
had been installed. However, in two cases the GPW5
equi pnent was either disconnected or it malfunctioned. In
the other two cases, poor flight crew coordination led to
inaction follow ng the GPWs warning, rather than decisive
recovery maneuvers, until inpact could not be avoi ded.

In contrast, EGPWS warning tines would have been nore
than the warning tinme of GPWS (which was assunmed by VNTSC to
be 12-15 seconds) in all nine cases. In seven, warning
times expected with EGPWS exceeded those of GPWS by over 20
seconds; two of these cases involved differences of over one
mnute. |In general, EGPWS should have provided an
additional margin in which flight crews could assess their
situation, discover errors, regain situational awareness,
and take appropriate action before inpact. 1In only one case
was an assuned EGPW5 war ni ng duration only slightly above

the 12-15 second minimum In this case it can be argued
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that if the visual forward | ooking terrain display in EGPW
had been installed, it may have prevented the pilot’s fatal
wong turn towards the nmountains in the first place. Thus,
it is reasonable to assune that EGPWS coul d probably have
prevented all nine (100% of these accidents.

VNTSC Concl usi on: GPW5 vs. EGPWs

The VNTSC part 121/135 study credits GPWS as a
significant factor in reducing the frequency of CFIT
accidents since 1975. However, these accidents have not
been totally elimnated for two maj or reasons:

First, many of the GPWS systens currently in use are
earlier generation systens, installed after the first GPWS
rul emeking in the 1970's. Since that tinme, GPWS equi pnent
has been inproved. These advances typically involve
i nprovenents in terrain detection |logic that enables
increased terrain warning durations in the order of 10 - 15
seconds on average resulting in additional tinme for the
pilot that can be crucial in preventing accidents. The NTSB
addressed this issue by recomending to the FAA that early
generation GPWS equi pnment be upgraded. (NTSB
recommendati ons A-92-39 through A-92-42.)

As a result, in 1996, the FAA revised TSO C92b and
i ssued TSO C92c. Specifically, this new TSO added new
requi renents and features to GPWS: aural warnings that

woul d identify the reason for GPWS warni ngs; the inclusion
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of airspeed in the logic that determ nes GPW5S warning tines;
altitude callouts during nonprecision approaches; and
war ni ngs based on airport location and aircraft position

dat a.

Second, even with these added features, GPWS equi pnent
has two inportant |limtations: (1) GPWS does not have the
capability to “look forward,” but instead only “looks down,”
relying on radio altinmeter data. For this reason, there is
l[ittle or no warning if the terrain ahead of an airplane
rises in a steep gradient. This [imtation is known as the
“vertical cliff” limtation. (2) To prevent nuisance
ground proximty warnings during final approach, for an
aircraft in stabilized descent on a non-precision approach
(i.e., one in which |ateral, but not vertical or glide
sl ope, guidance is provided), wth gear and fl aps extended,
all GPW5 warni ng nodes are desensitized. Thus a flight crew
wll receive no warning if their aircraft is not in fact
[ined up with a runway. This limtation is known as the
“non- preci sion approach (NPA) trap” limtation.

In its conclusion, the VNTSC states that there is
conpel l'ing evidence of the potential effectiveness of EGPWS
in preventing CFIT accidents. EGPWS woul d have provided the
sane or increased warning durations over GPWS had each
aircraft continued along the accident track, and should have

provi ded sufficient warning to effectively prevent all nine
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cases studied. The study enphasized that the CFIT acci dent
prevention in all cases would have resulted not so nuch from
i ncreased warning durations follow ng system detection of
terrain threats, as fromthe fact that flight crews, given a
continuous terrain display, would have perceived these
terrain threats and responded to them wel| before EGPWS was
required to generate warnings.

El aborating further, the study states that the
continuous terrain display feature of EGPWS may be even nore
inportant than the terrain threat detection/alert/warning
features in breaking the chain of decisions |leading to CFIT.
Flight crews | acking visual perspective are given a
continuous display of nearby terrain, greatly heightening
situational awareness. Rather than a “last ditch” warning
of i mm nent danger, the continuous terrain display would
all ow crews to maneuver to avoid terrain long before it ever
beconmes an obstruction to their flight path. It thus
represents a pivotal advance in providing flight crew
terrai n awareness.

The FAA agrees that the terrain situation awareness
di splay is a valuable function and therefore proposes to
mandate its use. However, the alerting functions also are
critical. Because of the various piloting duties, functions
and activities, a pilot does not nonitor one instrunment 100%

of the tinme, and this will be the case with a terrain
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situation awareness display. The alerting functions provide
the final safety margin that directs the pilot to take life-
savi ng action.

Wil e recogni zing the terrain awareness benefits of the
terrain display, the VNTSC study al so recogni zes that such a
di splay may present a new set of challenges to pilots. The
TAWS' s topographical map display will offer a tenptation for
pilots to use it for navigational purposes. Pilot training
shoul d enphasi ze that other aircraft systens are intended
for this purpose, and any TAWS terrain display features are
intended only to provide terrain awareness, not for aerial
navi gation. See also Notice N8110. 64, Enhanced G ound
Proximty Warning System which provides gui dance on EGPWS
and specifies that Airplane Flight Manuals shoul d state that
EGPWS shoul dn’t be used for navigational purposes.

In light of the potential savings of human |ife and the
econom c costs of destroyed or damaged aircraft, the report
recommends that the FAA anend 14 CFR parts 121 and 135 to
require mandatory installation in affected aircraft fleets
of TAWS. A nore detailed discussion and analysis is
i ncluded in FAA study DOT- TSC- FA6D1-96- 03, |nvestigation of
Controlled Flight Into Terrain (For Selected Aircraft
Accidents Involving Aircraft Flying Under FAR Parts 121 and
135 Flight Rules and the Potential for Their Prevention by

Enhanced Ground Proxi mty Warni ng System (EGPWS)).
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Functions and Approval of TAWS

Functions of TAWS. Recent technol ogi cal advancenents

-- such as nore precise navigation systens, increased
conputer menory storage and better display technology --
have all owed the devel opment of terrain alerting and warning
systens. Current systens under devel opnent have three
common features: (1) use of airplane position information
fromthe airplane’s navigation systen(s), (2) an onboard
terrain data base, and (3) a neans of displaying the
surrounding terrain. All systenms currently under
devel opnment function in the follow ng sane manner. Airpl ane
position information fromthe airplane navigation systemis
fed to the TAWS conputer. The TAWS conputer conpares the
airplane’s current position and flight path with the terrain
data base also in the TAWS conputer. |If there is a
potential threat of collision with terrain, the TAWS
conputer sends warning alerts to the airplane’s audio
system The TAWS conputer also inputs display data to
either the weather radar, the Electronic Flight Information
System (EFI'S) or sone other display screen on which then is
shown the surrounding terrain with the threat terrain
hi ghlighted. Specific certification requirenments for the
TAWS5 is contained in TSO C151.

An exanple of a specific TAWS currently certificated by

t he FAA handl es t he above functions as foll ows:
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(1) Alerting tines. The function of the new proposed

TAWS standard is to prevent CFIT by providing alerting tinmes
earlier than those provided by existing ground proximty
war ni ng systens manufactured in accordance with Techni cal
Standard Order (TSO -C92c. Typically GPWS aural and vi sual
war ni ngs occur about 20 seconds or |ess before potential
inpact with terrain. The visual warning is usually a
blinking Iight and the aural warning is usually a nessage
t hrough the airplane’s audi o system

Studi es indicate that average conbined pilot and
aircraft reaction time to avoid a CFIT after warning is
within the 12 to 15 second range. The FAA has approved for
installation a TAWS (the EGPWS5) that provides an initial
al ert approxinmately 60 seconds before potential inpact and
anot her alert about 30 seconds before potential inpact.
These alerts are both aural and visual. These alerting
times were based on data fromactual CFIT accidents and were
chosen by the manufacturer as the best conprom se to provide
tinely alerts while still mnimzing nuisance alarns. Human
factors research and FAA experience show that, if an aural
cockpit alarm sounds too often as a false alarm the flight
creww !l either begin to ignore it or will be tenpted to
di sabl e the system Therefore, while the forward | ooking
capability of TAWS could provide an alert far in advance of

potential inpact, the alerting time nust be as short as
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possible, while still allow ng an adequate tinme to avoid
inmpact. The FAA w Il carefully evaluate the alerting tines
for each proposed TAWS but expects that nmanufacturers wll
provi de at | east 20 seconds in advance of a potenti al

I npact .

(2) Forward | ooking capability. The increased

alerting function is made possible by a “forward | ooki ng”
feature. This function in turn is nmade possible by
inputting aircraft position fromthe gl obal positioning
system (GPS) or a flight nmanagenent system (FMS) into the
TAWS conputer in which a terrain database is already stored.
Using aircraft position, performance and configuration data,
the TAWS conputer cal cul ates an envel ope al ong the projected
flight path of the aircraft and conpares that to the terrain
database. If there is a potential inpact with terrain, the
system provi des appropriate aural and visual alerts. This
feature al so makes possible a terrain (situational)

awar eness di splay that could be used on a dedi cated TAWS

di spl ay screen, a weather radar, or an EFI S display screen.
Terrain within certain vertical distances of the aircraft is
di spl ayed in various color densities. The FAA woul d accept
green, yellow and red because these are the colors currently
avai |l abl e on the weat her radar display.

(3) Terrain clearance floor. TAWS al so provides a

terrain clearance floor that adds an additional el enent of
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protection to the GPWS warni ng nodes. The terrain clearance
floor creates an increasing terrain clearance envel ope
around the intended airport runway directly related to the
di stance fromthe runway. The terrain clearance floor
alerts are based on aircraft |ocation, nearest runway center
poi nt position, and radio altitude. The terrain clearance
fl oor provides an alert based on insufficient terrain
cl earance even when in | anding configuration. This is an
i nprovenent over the current GPWS, which becones deactivated
when an airplane’s wing flaps and | anding gear are in
| andi ng configuration.

| f an airport has glide-slope equipnent that is
operating, the flight crew can rely on that equipnent to
guide the airplane; the TAWS terrain clearance floor
function may not be needed. However, if the airport does
not have glide-sl ope equipnment or it is not operating, the
flight crew nmust perform a non-precision approach. 1In this
case, if the flight crewis unaware of its |ocation and
conmes in too |ow or too soon, the terrain clearance floor
function woul d generate an aural al arm

Approval of TAWS. Currently, the FAA approves the

manuf acture and installation of Gound Proximty Warning
Systens through Technical Standard Orders. Sections 121. 360
and 135.153 require the use of GPWS neeting TSO C92, which
has been rei ssued as TSO C92a, TSO C92b, and TSO C92c. The
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FAA does not intend to revise TSO C92c to include TAWS
requirenents.

I nstead, the FAA is developing and will issue a new and
separate TSO for TAWS. The new TSO C151, Terrain Awareness
and Warning System is being devel oped through the FAA TSO
process which allows for public coments. Any person
desiring to review and conment on the draft TSO Cl151
may obtain a copy of the draft TSO Cl51 fromthe person
mentioned in the section entitled FOR FURTHER | NFORVATI ON
CONTACT. This TSO woul d be the neans to obtain FAA approval
of the TAWS product. The FAA also w il devel op and issue a
TAWS advi sory circular (AC). This AC woul d describe an
accept abl e neans of obtaining FAA installation approval.
Notice 8110. 64, Enhanced G ound Proximty Warning System
(EGPWS) is the current interimguidance to be used for the
installation and approval of TAWS. The FAA has issued a
policy statenent that states that the contents of Notice
8110.64 shall remain valid until the TSO and AC are
publ i shed.

An applicant that neets the proposed requirenents of
TSO C151 also wll be entitled to a TSO C92c aut hori zati on,
if requested, with a TSO Cl151 authorization. The
performance and environnental standards of TSO C92c are

i ncluded within TSO C151. Any equi pnent bearing a TSO Cl151
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| abel wll nmeet the requirenents of FAR part 121. 360 and
135. 153.
The Proposal

The FAA is proposing to add 88 91.223, 121. 354, and
135.154 to require the installation of FAA-approved terrain
awar eness and warni ng systens (TAW5). The FAA is also
proposing to anend 88 121. 360 and 135.153 to add an
expiration date of four years after the effective date of
the final rule for the use of current GPW5 systens,
thereafter, conpliance with those sections would not be
allowed in lieu of the provisions proposed herein.

For operations under part 121 the proposed rule would
apply to all turbine-powered airplanes. For all other
operations (parts 91, 125, 129, and 135) the proposed rule
woul d apply to all turbine-powered airplanes type
certificated to have six or nore passenger seats, excluding
any pilot seat. The FAA proposes that, begi nning one year
after the effective date of the final rule, U S. -registered
ai rpl anes manufactured after that date be equi pped with
TAW5. The FAA al so proposes that existing turbine-powered
ai rpl anes be equi pped with TAWS within four years after the
effective date of the final rule. This requirenent for
exi sting airplanes would apply to all airplanes manufactured
on or before one year after the effective date of the final

rule. (For nore discussion of the conpliance dates and how
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they were chosen, see the Regul atory Eval uati on Summary
later in this preanble.)

The proposal would therefore ensure that all applicable
ai rpl anes operated under parts 91, 121, and 135 have the
nmost up-to-date and effective equi pnment needed to hel p
prevent CFIT accidents. The proposal would al so ensure that
operators under part 125 and operators of U S. -registered
ai rpl anes under part 129, who nust also conply with part 91,
are simlarly equipped in order to prevent CFIT accidents.

The FAA is al so proposing that operators include in
their Airplane Flight Manual s the appropriate procedures for
operating and responding to the audio and vi sual warnings of
TAWS.

The FAA is not proposing changes to current training
requirenents in this NPRM However recent new training
requi renents on crew resource managenent (CRM for flight
crewrenbers shoul d provide additional safeguards in
conjunction with the use of TAWS. This requirenent wll
apply to flight crewnenbers operating under parts 121 and
135 and will take effect on March 19, 1998. (60 FR 65940,
Decenber 20, 1995).

The proposed rule would apply only to turbine-powered
airplanes. The FAA specifically requests coments on
whet her it should require the installation of TAWS on

reci procating engi ne-powered airplanes. What would be the
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i npact on safety of such a requirenent? Are there technical
reasons why TAWS is or is not appropriate for reciprocating
engi ne- power ed ai rpl anes? Shoul d TAWS be required for
reci procati ng engi ne-powered airplanes of a certain size?
The FAA will study data and information submtted by
comenters in response to these questions before nmaking a
determ nation as to whether TAWS should be required for
reci procating engi ne-powered airplanes. |If the decision is
made to require TAWS on reciprocating engi ne- powered
airplanes it wll be addressed in a separate rul emaking.
| npact of the Proposed Rule

The i npact of the proposed rule on operations under
parts 91, 121, and 135 would be simlar to the inpact of the
installation of TAWS on newy manufactured airplanes, i.e.,
installation would be required begi nning one year after the
effective date of the final rule. Because operators under
part 125 and operators of U.S.-registered airplanes under
part 129 nust conply with part 91, they would al so have to
meet this requirenent.

The requi renent for TAWS on existing airplanes woul d
i npact operators under the affected parts differently.
Those operators under part 91 (including operators under
part 125 and operators of U.S.-registered airplanes under
part 129) who are currently not required to have G°PWS woul d,

in nost cases, be required to install TAW within the four
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year conpliance period. |In those cases where GPWS was
previously installed on a voluntary basis, operators would
al so be required to retrofit their airplanes with TAW
within four years. Retrofits would also apply in cases
where part 125 operators |ease part 121 airplanes that are
al ready equi pped wi th GPWS.

For existing airplanes under parts 121 and 135, which
currently nmust have GPW5, operators would be required to
retrofit their airplanes to install TAW within four years.
It should al so be noted that the proposed rule adds to the
exi sting part 135 requirenent by requiring TAWS on an
addi tional group of airplanes: those type certificated to
have six to nine passenger seats, excluding any pilot seat.
The current rule requires GPWs for airplanes with 10 or nore
seats under part 135. |If the operators of this group of
ai rpl anes have not already installed EGPWS voluntarily, the
proposed rule would require a new installation of TAWS. The
FAA acknow edges that this proposal nmay require the retrofit
of aircraft that are equi pped with current generation GPWS.
For exanple, the 1992 rul e discussed earlier, required GPWS
on all turbine-powered airplanes with 10 or nore passenger
seats. The FAA specifically requests conment on the
requi renment for TAWS for such airplanes. (E g. Should the
retrofit be required only in airplanes carrying nore than a

certain nunber of passengers?)
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Regul at ory Eval uati on Sunmary

Proposed changes to Federal regulations nmust undergo
several anal yses. First Executive Order 12866 directs that
each Federal agency shall propose or adopt a regulation only
upon a reasoned determ nation that the benefits of the
intended regul ation justify its costs. Second, the
Regul atory Flexibility Act of 1980 requires agencies to
anal yze the economc effect of regulatory changes on snal
entities. Third, the Ofice of Managenent and Budget
directs agencies to assess the effects of regul atory changes
on international trade. Finally, the Unfunded Mandates
Ref orm Act of 1995 requires that agencies assess the inpact
of regul atory changes on State, |ocal tribal governments and
private sector. |In conducting these anal yses, the FAA has
determned that this rule: (1) would generate benefits that
justify its costs and is a "significant regulatory action"
as defined in the Executive Oder; (2) is significant as
defined in DOT's Regul atory Policies and Procedures; (3)
woul d have a significant inpact on a substantial nunber of
smal | entities, (4) would not constitute a barrier to
international trade, and (5) would not inpose a significant
i ntergovernnmental nmandate on State, |ocal or triba

gover nnent s.

Costs and Benefits for Airplanes OQperated Under 14 CFR Part

121
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Under the assunption that in-service airplanes nust be
equi pped with a terrain awareness and warni ng system by
January 1, 2003 (four years after an assuned effective date
of Decenber 31, 1998), the FAA estimates that approximtely
6, 000 i n-service airplanes operating under 14 CFR part 121
woul d be affected by the proposed rule. In addition, the
proposal woul d inpact approxi mately 400 new y manufactured
turbojet and turboprop transports delivered to part 121 air
carriers per year. These estimates--which are based on
Aircraft Registry records, insurance data, and proprietary
forecasts--do not account for voluntary installations of
TAWS equi pnent. Overall, the FAA projects that
approximately 1,100 airpl anes operating under 14 CFR part
121 woul d be equi pped with TAWS by the year 2002 in the
absence of any requirenent. Adjusting these estinmates to
account for voluntary installations, however, would not
significantly affect the conclusions since the effect would

be roughly proportional on both total benefits and costs.

The FAA approves TAWS installations either through
Suppl enental Type Certificates issued to an applicant other
than the airframe manufacturer; or, in the case of the
manuf acturer, either a STC or a FAA-approved type-design
change. Discussions with industry indicate that a typical
first-of-type certification programwould cost approxi mately

$79, 000 for a part 121 turbojet airplane nodel and $37, 000
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for a part 121 turboprop airplane nodel. These costs

i ncl ude FAA engi neering and adm nistrative costs. First-of-
type STC s would then be anended to cover additional nodel -
variants. The FAA estimates that such anendnents, also
called "followons," could be devel oped at a cost of
approximately $67,000 for turbojets and $26, 000 for

t ur boprops (again, inclusive of FAA costs).

Accurately estimating the nunber of STC s required by
the proposed rule is problematic since flight deck equi pnent
may di ffer between operators of the sanme nodel -variant. For
exanpl e, several different approvals nmay be required for
different, say, B737-400's dependi ng on the equi pnent
options selected by the various operators. This analysis
assunmes 68 first-of-type certification prograns and 84
foll owon prograns. It should be noted that, even when
multiple firnms performretrofits on a particul ar nodel -
variant, the FAA would not necessarily require multiple
certification or followon prograns: in practice, only the
first entity would incur full STC devel opnent costs.
Subsequent firns could then purchase the STC incurring
i ncrenental expenses associated with ground and flight

testing.

The FAA estimates that total STC costs (including
followons) for 14 CFR part 121 operators woul d be

approximately $8.4 million, or $7.1 million at present val ue
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(assum ng that STC expenses are uniformy distributed during

t he period 1999-2000, and that the discount rate is 79%.

Since ground proximty warning systens are al ready
required for part 121 operators, equipnment and installation
costs associated with this proposal would include: 1) for
new y manufactured airplanes, the difference in cost between
current generation GPWs and TAW5, and, 2) for in-service
ai rpl anes, the cost of renoving the existing ground
proximty warning systemand replacing it with TAWS (net the
rebate val ue of the GPWS equi pnent). Since GPWS and TAWS
units are approxi mately the sanme wei ght, and since TAWS
requires no nore mai ntenance than GPW5, increnental part 121
operating and mai ntenance costs associated with the proposed

rule are negligible.

Retrofit costs depend on the type of equi pnent already
in use in an affected airplane. D fferences in costs can be
ascribed to the relative trade-in values of various vintages
of GPWS units and the fact that, in some cases, GPW5
i ncludes an integral w ndshear detection system (ln sonme
cases, operators may be forced to replace both the GPWS and
w ndshear detection systens. The analysis accounts for this
addi tional cost where applicable.) Unit (i.e. per airplane)
retrofit costs can be summari zed as follows: 1) in-service
turbojet airplanes equipped with early-generation GPW- -

$59, 480, 2) in-service turbojet airplanes equi pped with
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current-generati on GPWs--$64, 980, 3) newl y manufactured
turboj et airplanes--%$12,000, 4) in-service 30+ passenger
turboprop airplanes equi pped with early-generation GPWS- -
$59, 480, 5) in-service 30+ passenger turboprop airplanes
equi pped with current-generation GPWs--$57, 280, 6) newy
manuf act ured 30+ passenger turboprop airplanes--%$12,000, 7)
i n-service | ess-than-30-seat turboprop airplanes--3$20, 600,
8) newly manufactured | ess-than-30-seat turboprop airplanes-

- $2, 000.

These unit costs include: TAWS system costs,
installation kit costs, installation |abor costs, an
adj ustnent for spares and sinmulator installations (assuned
to be 10% of TAWS systens costs), and adjustnents for
addi ti onal navigation equi pnent and displays required in
sone aircraft. Aside fromthe provision for sinulator
units, increnental training costs are assuned to be
negligible. The FAA invites comment on these cost

assunpti ons.

The FAA estimates that TAWS equi pnment and installation
costs for the affected in-service 14 CFR part 121 fl eet
woul d be approximately $361.5 mllion, or $297.0 million at
present value. Total equipnent and installation costs for
new y manufactured airplanes delivered to part 121 air
carriers during the ten year forecast period 1999-2008 woul d

be approximately $47.5 mllion, or $31.3 at present val ue.
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Therefore, total part 121 costs--including certification
costs, retrofit costs, and increnental TAWS costs for newy
manuf act ured airpl anes delivered between 1999 and 2008- -
woul d be approximately $408.9 mllion, or $328.3 million at

present val ue.

The benefits of TAWS again depend on the type of GPWS
unit it would replace. The risk reduction potential of TAWS
when neasured agai nst an early-generation GPW5 system for
exanple, is higher than the risk reduction potenti al
measured against a current-generation system Risk
reduction estimates for various conbinations of airplane
types and GPWS vi ntages are based on anal yses of eight CFIT
accidents involving 14 CFR part 121 air carriers (this
includes two part 135 air carriers now required to operate
under 14 CFR part 121) which occurred during the ten-year
period 1986-1995. The anal yses--conducted by the Vol pe
Nat i onal Transportation Systens Center and referred to
earlier in the preanble--took into consideration, anong
ot her things, the type of GPWS equi pnent (if any), on-board
at the time of the accident, and the relative effects of
current-generati on GPWs versus TAWS. On the basis of the
Vol pe results, the FAA estimates the followng rates of CFIT
risk reduction: 1) turbojet airplanes equipped with
earl y-generation GPW5--0.079 averted accidents per mllion

flight hours, 2) turbojet airplanes equi pped with
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current-generati on GPW5--0.048 averted accidents per mllion
flight hours, 3) 30+ passenger turboprop airplanes equipped
wi th early-generation GPW5--0.079 averted acci dents per
mllion flight hours, 4) 30+ passenger turboprop airplanes
equi pped with current-generation GPW5--0. 048 averted
accidents per mllion flight hours, 5) |ess-than-30-seat

tur boprop airplanes--0.118 averted accidents per mllion

flight hours.

Estimates of |ifecycle benefits were calculated on a
per-airplane basis and summed over all affected part 121
ai rplanes to obtain an estinmate of the expected fl eet
benefits. The calculations took into consideration: 1) the
passenger capacity of each airplane, 2) average |oad factors
for various types of operations, 3) the nunber of flight
crew, 4) the probability of fatalities given a CFIT
accident, 5) the expected value of the airplane at the tine
of accident, and 6) the expected remaining service life of

t he airpl ane.

The FAA estimates that total lifecycle benefits for the
affected 14 CFR part 121 fleet (including the lifecycle
benefits accruing to newy manufactured airplanes delivered
during the period 1999-2008) are approxinmately $5.9 billion,
or $2.1 billion at present value. Therefore, the ratio of
di scounted benefits to discounted costs is approximately 6.5

to 1.0.
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Three of the eight preventable part 121 CFIT accidents
occurred during international operations of U S. carriers.
The FAA eval uated the benefits and costs of |esser
requi renents on operators conducting only donestic flights.
Thi s anal ysis, however, showed substantial benefits
associated wth the TAWS requirenent for in-service
airplanes flying only donestic routes. (See the Prelimnary
Regul at ory Eval uation, Section VII *“Analysis of

Al ternatives.”)

Costs and Benefits for Airplanes OQperated Under 14 CFR Part

135

The FAA estimtes that approximtely 1,100 in-service
ai rpl anes operating under 14 CFR part 135 woul d be affected
by the proposed rule. Approximtely 800 of these are 10-30
seat airplanes that are currently required to have GAPS, and
300 are 6-9 seat turbojets and turboprops currently not
required to have GPW5. In addition, the rule would affect
approxi mately 500 new turbojet and turboprop airplanes
delivered to part 135 air carriers during the period
1999-2008. The FAA is not aware of any |large scale efforts
to voluntarily equip part 135 airplanes with terrain

awar eness and war ni ng systens.

The FAA estimates that total certification costs for

typical 14 CFR part 135 turbojet and turboprop airplane
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nodel s woul d be approxi mately $28, 000 and $20, 000,
respectively. An estimate of total part 135 certification
costs, then, is obtained by multiplying the per-
certification costs by an estimate of the total nunber of
certifications required. As in the analysis of part 121,
predi cting the nunber of required STCs for part 135 is

probl ematic owing to potential differences between and

wi thin airplane nodel -variants. [In sone cases, nore than
one TAWS STC nay be required per nodel, in other cases, one
STC may cover nore than one nodel. The FAA estimates that

approxi mately 50 turbojet STC s and 32 turboprop STC s would
be required to retrofit the affected part 135 fleet.
Therefore, total fleet certification costs are approxi mately
$2.1 mllion, or $1.8 mllion at present value (again,
assum ng that certification costs are uniformy distributed
during the period 1999-2000 and that the discount rate is
79 .

As noted earlier, the increnmental costs (and benefits)
of the rule depend in part on the type of GPWS equi pnent
already in service. Operators who already have GPWS
equi pnent, for exanple, would incur no additional operating
or mai ntenance costs. In the absence of detailed
i nformati on on which particul ar airplanes have or do not
have GPW5, the FAA assunes that all airplanes are in

conpliance with current Federal Aviation Regul ations--but do
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not exceed those requirements (that is, there is no

adj ustment nmade for voluntary GPWS installations). Thus, it
is assuned that all 6-9 passenger seat turbine engine

ai rplanes are not equipped with any type of ground proximty

war ni ng system

Unit equi pment and installation costs for affected part
135 airplanes are as follows: 1) in-service turbojet
ai rpl anes seating 6-9 passengers--%$27,950, 2) new y-
manuf actured turbojet airplane seating 6-9 passengers--
$26,475, 3) in-service turbojet airplanes seating 10 or nore
passengers--$24, 300, 4) new y manufactured turbojet
ai rpl anes seating 10 or nore passengers--$7,000, 5) in-
service turboprop airplanes seating 6-9 passengers--$30, 150,
6) new y- manuf actured turboprop airplanes seating 6-9
passengers--%$28,575, 7) in-service turboprop airplanes
seating 10 or nore passengers--%$24,300, 8) newy
manuf act ured turboprop airplanes seating 10 or nore
passengers--$7,000. (Recall that GPWS is already required
for 10-30 seat airplanes. Therefore, increnmental TAWS cost
for newy manufactured airplanes in this group equal the
difference in cost between TAWS and basic GPW5S.) As before,
t hese costs include: TAWS equi pnent costs, installation kit
costs, GPS and display costs, and an adjustnent for a radar

altinmeter (not present on sone aircraft).
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As not ed above, increnental operating and nai ntenance
costs are only associated with airplanes | acki ng GPW5
equi pnent - - by assunption airplanes seating 6-9 passengers.
The FAA estimates that the weight of an average TAWS
installation would be approxi mately 9 pounds for a turbojet
ai rpl ane and 8 pounds for a turboprop airplane. Annual
mai nt enance costs are approxi mately 5% of TAWS equi pnent
costs, therefore annual incremental operating (fuel
consunption) and mai nt enance costs equal $870 and $936 for
6-9 passenger turbojet and turboprop airplanes,

respectively.

Total lifecycle costs for the affected 14 CFR part 135
fleet--including certification, equipnment, installation,
operating and mai nt enance costs--would be approxi mately
$45.2 mllion, or $30.8 mllion at present value. Again,
this total includes projected lifecycle costs for newy
manuf actured 6+ seat turbojet and turboprop airplanes

delivered to part 135 operators between 1999 and 2008.

Fol | ow ng the procedure discussed under part 121, the
estimated benefits for 14 CFR part 135 operations are a
function of airplane seating capacity, load factors, annual
flight hours, GPWS equi page, etc. Again, expected TAWS
benefits for any particul ar airplane depend on whet her or
not the airplane already has G°PWs and, if it does, the

vintage of systeminstalled. R sk reduction estimtes are
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as follows: 1) turbojet airplanes seating 6-9 passengers--
0.861 accidents averted per mllion flight hours, 2)
turboj et airplanes seating 10 or nore passengers--0.036
accidents averted per mllion flight hours, 3) turboprop

ai rpl anes seating 6-9 passengers--2.310 accidents averted
per mllion flight hours, 4) turboprop airplanes seating 10
or nore passengers--0.091 accidents averted per mllion
flight hours. For airplanes with 6-9 seats, risk estimates
are based on anal yses of approximtely 40 accidents

i nvol ving turbojet and turboprop airplanes operating under
14 CFR part 91. For airplanes with 10-30 seats, risk
estimates are based on the service experience of simlar

ai rpl anes operated under 14 CFR part 121. (At the tinme of
this witing, the FAA hasasked the Vol pe center to review

the part 135 CFIT accident data fromthe original study

Based on these results, the FAA projects that TAWS
benefits--that is the value of reduced CFIT risks--for 14
CFR part 135 operators would be approximtely $84.4 mllion,
or $38.2 mllion at present value (including benefits
accruing to affected part 135 airplanes delivered between
1999 and 2008). Therefore, the ratio of discounted benefits

to di scounted costs would be approximately 1.24 to 1.0.

The FAA notes that in the case of airplanes carrying
fewer nunbers of passengers, there is a clear overall net

benefit in requiring TAW to replace early generation GPWS.
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While relative benefits are lower for smaller aircraft that
have only recently been retrofitted with current generation
GPW5, excepting such airplanes could create a situation
where the FAA woul d require nore sophisticated equi pnent for
noncomrercial aircraft as conpared with sonme comrerci al

aircraft.

Costs and Benefits for Airplanes OQperated Under 14 CFR Part

91

Affected 14 CFR part 91 airplanes, for the purpose of
this analysis, are defined as a residual--i.e. the total
affected fleet of U S. registered turbine powered airplanes
m nus the affected 14 CFR parts 121 and 135 fleets. The
part 91 residual includes general aviation aircraft
(corporate, business, personal, instruction, aerial
application, and other), large airplanes (having a seating
capacity of 20 or nore or a maxi mnum payl oad capacity of
6, 000 pounds or nore) operating under 14 CFR part 125, and
U S. registered airplanes operating under 14 CFR part 129.
Under this sinple residual approach, the FAA estimtes that
approxi mately 5,500 turbojet airplanes and 5,700 turboprop
ai rpl anes (not operating under 14 CFR parts 121 and 135)
woul d be affected by the proposed rule. The FAA estinmates
that an additional 220 new y nmanufactured turboprops and 120

new y manufactured turbojets would be affected annually.
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The FAA estimates that the proposed rule would require
approximately 57 STC s at a total cost of $1.3 mllion, or
$1.1 million at present value (assumng that certification
costs are uniformy distributed over the period 1999-2000,

and that the discount rate is 79%.

Per airplane equi pnent and installation costs would be
approxi mately $27,950 and $30, 150 for typical in-service
turboj et and turboprop airplanes, respectively. TAWS
equi pnent and installation costs for newy manufactured
ai rpl anes--approxi mately $26, 475 per turbojet airplane and
$28, 575 per turboprop airplane--are slightly | ower

reflecting | ower installation costs.

Annual increnmental operating and mai ntenance costs
woul d be approxi mately $870 for turboprop airplanes and $936
for turbojet airplanes. Total lifecycle costs for the
affected (residual) 14 CFR part 91 fleet, then, are
approximately $642.9 mllion, or $415.3 mllion at present
value. As in the analyses of 14 CFR parts 121 and 135, cost
estimates include lifecycle costs for in-service airplanes
and new y manufactured airplanes delivered between 1999 and

2008.

Esti mates of the benefits accruing to part 91 operators
are based on the Vol pe acci dent anal yses (di scussed above).
O the 44 accidents, 11 involved turbojets and 33 invol ved

tur boprops. Probabl e cause, as determ ned by NTSB, was
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pilot error in all cases--principally through failure to
mai ntai n proper altitude, use of inproper instrument flight
rules or visual flight rules procedures, or poor

pl anni ng/ deci si on- maki ng. Vol pe anal yses determ ned t hat
current technol ogy ground proximty warning systens could
have prevented 33 of the 44 accidents. On the other hand,
TAWS coul d have prevented 42 of the 44 accidents; 11
turbojet airplane accidents and 31 turboprop airplane
accidents. On the basis of the accident history, the FAA
estimates that TAWS woul d prevent 2.46 turboprop airplane
accidents per mllion flight hours and 0.86 turbojet

ai rplane accidents per mllion flight hours. This
translates to fleet benefits of approximately $1.5 billion,
or $663 mllion at present value. Therefore, the ratio of
di scounted benefits to discounted costs is approximtely 1.6

to 1.0.

The FAA invites comment on these estimates. Comments
shoul d include details such as: 1) alternative cost
assunptions, 2) alternative aircraft popul ation forecasts,

3) the extent of voluntary industry action, etc.

Anal ysis of Alternatives

The FAA concludes that this NPRMis a significant
regul atory action based on the proposal's expected cost, its
potential inpact on safety, and the extent of public

interest in this issue. For matters determ ned to be
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significant, Executive Order 12866 requires "an assessnent,
i ncludi ng the underlying analysis, of costs and benefits of
potentially effective and reasonably feasible alternatives
to the planned regulation.” Accordingly, the FAA has
considered regulatory options to identify the | east

i ntrusive and nost cost-effective neans of achieving the

goal of reducing the probability of CFIT accidents.

The alternatives considered fall under two general
groupings: 1) require different |evels of TAWS or GPWS
technol ogies for different subsegnments of the regul ated
popul ation, and 2) inpose different conpliance deadlines on

di fferent subsegnents of the regul ated popul ati on.

Different Levels of TAWS or GPWS for Different Subsegnents

of the Regul ated Popul ati on

One group of alternatives consists of options that
woul d require different |evels of TAWS or GPW5 t echnol ogi es
for different subsegnents of the regul ated popul ation
(including the option of not requiring GPWs or TAWS
equi pnent at all). There are three broad cl assifications of
TAWS/ GPWS t echnol ogi es: 1) early-generation GPWS, 2)
current-generation or upgraded GPW5S (with inproved
capabilities and a | ower probability for nuisance warni ngs),
and 3) TAWS. It is possible to identify several regulatory

al ternatives, then, based on these technol ogy | evels.
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One alternative would be to exclude certain types of
ai rpl anes or operators froma TAWS or GPWS requirenment
al together. Based on its evaluation of benefits and costs,
t he FAA does not consider this to be the best option.
Excl udi ng operators of 6-9 seat airplanes, for exanple,
woul d run contrary to a significant body of anal yses--by the
DOT, FAA and NTSB--that indicates that a TAWS requirenent
woul d result in substantial reductions in CFIT casualties

and property | osses.

Anot her alternative would be to require GPWS wi t hout
regard to technology. Under this option, any vintage of
GPW5- - even the ol dest systens--woul d be conpliant.

Approxi mately 95% of the world's commercial airline fleet
are equi pped wth some formof ground proximty warning
system Al so, anecdotal evidence suggests that there are
sone other, non-air carrier operators who have voluntarily
installed GPW5. This alternative, therefore, would
primarily affect general aviation operators and commerci al
operators of 6-9 seat turbine powered airplanes. There are
two drawbacks to this option. First, a detailed analysis
shows that the greatest potential for CFIT fatality
reductions is produced by requiring TAW in conmerci al

ai rplanes that are already equi pped with GPWs. For 14 CFR

part 121, for exanple, TAWS is expected to reduce the

accident rate by up to 0.079 per mllion flight hours. The
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FAA s anal ysis of part 135 carriers--nost of whom al ready
have current generation GPWS technol ogy--al so shows t hat
significant benefits, which nore than justify the costs, can
be realized by requiring TAWS retrofit. Second, this option
woul d effectively force on-demand air taxi and other general
avi ation operators to a higher standard than that required
for the |largest commercial carriers. This follows since
early generation GPWS5 systens are no | onger being produced
for installation in the United States. This option would
therefore require small operators to install upgraded GPWS
or TAWS while many part 121 operators could legally continue

to use technol ogy devel oped over 20 years ago.

Athird alternative would be to require current
technol ogy GPW5 only. This alternative would al so reduce
the nunber of affected airplanes. The FAA estinates that
approximately 3,200 airplanes operating under 14 CFR part
121, and 1, 100 airplanes operating under 14 CFR part 135
al ready have upgraded GPW5 equi pnent (or will have such
equi pnent by the projected effective date of the proposed
rule). Under this alternative, these airplanes woul d not
require retrofit. |In addition, incremental costs associated
with the purchase of newy manufactured airplanes would be
zero for part 121 operators and many part 135 operators.
(Again, this follows since early generation GPWS units are

no | onger being produced for installation in the United
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States.) Limting the requirenent to upgraded GPWS woul d
al so margi nally reduce conpliance costs for sone affected
operators since upgraded GPW5 woul d be | ess expensive than
TAW5 in sone cases. A variant of this alternative would be
to except snmaller aircraft that nay have been required to,
or have voluntarily been equipped with current generation
GPW5. The FAA concl udes, however, that this exception may
result in requiring nore sophisticated equipnment on certain

noncommercial aircraft relative to sone commercial aircraft.

There are safety and cost-effectiveness concerns with
this alternative. It clearly provides a | ower |evel of
safety than the proposed rule; noreover, although this
option is substantially cheaper than the proposed rul e,
ironically its costs do not justify its benefits for sone
types of operations. For exanple, in some cases the limted
ri sk reduction potential would not justify replacing early-
generation GPWS with upgraded current-generation systens.
For airplanes that currently |lack any GPW5, the FAA
concludes that requiring only upgraded GPW5S i s a subopti mal
strategy based on the relatively small difference in cost
bet ween upgraded GPWS versus TAWS conbined with the
relatively large differential in risk reduction potenti al
between the two systens. Finally, significant safety
benefits woul d be foregone for those airplanes already

equi pped with current-generation GPWS.
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Clearly, there are dozens of conbinations of the two
previous alternatives involving different subsegnents of the
US. registered fleet. 1In general, they include:

1) exenpting, or inposing reduced requirenents on, in-
service aircraft, 2) exenpting, or inposing reduced
requi renents on, donestic operations; 3) exenpting, or
i nposi ng reduced requirenents on, non-part 121 operations;
4) exenpting, or inposing reduced requirenents on,
operations not involving the carrying of passengers for

conpensation or hire.

The FAA does not favor options requiring TAWS
installation only for newy manufactured airplanes. Wile
it is true that this alternative would significantly reduce
conpliance costs (indeed, sone manufacturers are, or wll
soon be, offering TAWS as standard equi pnent), 30 or nore
years woul d el apse before the entire non-TAWS fleet is
retired and replaced with TAWS- equi pped airplanes. The
foregone benefits--reduced fatalities, injuries, and
property | oss--associated wth such a strategy are serious

di sadvant ages of this alternative.

The FAA al so consi dered options that would conmbi ne TAWS
installations for certain newWy manufactured airplanes, with
a GPW5 requirenent for in-service airplanes equi pped with
no, or early-generation, GPW5. \Wile less costly than the

proposed rule, such alternatives would actually be |ess
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cost-effective: significant safety benefits associated with
repl aci ng upgraded GPW5 with TAWS woul d be foregone, and, as
noted earlier, in many cases it does not make econom c sense
to replace early-generation GPW5 systens with upgraded

syst ens.

The accident history shows that substantial benefits
can be achieved by requiring TAWS on international flights.
An obvious alternative, then, would be to require TAWS
retrofit only for airplanes conducting international
operations, and inpose |esser requirenents for the renmai nder
of the U S. registered fleet (for exanple, require TAWS on
new y manufactured airplanes only). Under this strategy,
operators conducting only donestic flights would incur
little or no costs. Wile the FAA acknow edges that a
greater-than-proportional share of CFIT fatalities involving
U. S registered airplanes involve international operations,
anal yses (see the discussion of DOl Vol pe Nati onal
Transportation Systens Center analysis in the preanble, for
exanpl e) show that substantial reductions in CFIT risks can

be achieved by also requiring TAWS for donestic operations.

As part of its analysis, the FAA estimated the donestic
CFIT rate for 14 CFR part 121 carriers. This study showed
that the discounted TAWS benefits--considering the donestic

CFI T accident rate al one--woul d exceed di scounted costs--
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associated wth retrofitting the entire turbine-powered part

121 fleet--by approximately 50%

Finally, the FAA considered the option of requiring
TAWS only on aircraft carrying passengers for conpensation
or hire. Accident analyses by the NTSB and DOT, however,
show that a TAWS requi renment woul d provi de substanti al
safety benefits--that justify TAWS costs--for non-

commerci al, general aviation airplanes.

Different Conpliance Deadlines for D fferent Subsegnents of

t he Regul at ed Popul ati on

Econom c and safety considerations conplicate the
sel ection of a neaningful conpliance period. Wth too | ong
a period, inportant safety benefits may be foregone; with
too short a period, the cost burden on industry becones
excessive. For in-service airplanes, the conpliance
alternatives can be summari zed as follows: 1) select a
conpliance period shorter than 4 years, 2) select a
conpliance period | onger than 4 years, 3) different

conbi nati ons of conpliance years and equi pnment requirenents.

Shortening the conpliance period for TAWS installation,
whi |l e beneficial fromthe standpoint of reduced CFIT risk,
woul d rai se inportant econom c and technical problens.
First, in the absence of technical standards and a
substantial body of TAWS installation/retrofit experience--

particularly for general aviation airplane types--
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approxi mately 200 STC s (or STC foll owons) or type design
change prograns woul d have to be undertaken by industry and
processed and approved by the FAA. Substantially shortening
the conpliance period for TAWS retrofit could inpinge on

ot her nodification or repair work (which may al so have
safety inplications) and could necessitate a reall ocation of

FAA resources and di srupt other FAA projects.

Second, production information provided by the
manuf acturer of the only existing TAWS-conpliant system
i ndicates that building a sufficient nunber of units to
accommodat e a shorter deadline would be problematic.
Theoretically, the FAA could grant extensions, but
w despread use of this authority would result in
inefficiencies--to nodification centers, operators, and the
FAA--and, in the end, result in no sooner achieving ful
fl eet conpliance than sinply selecting a nore appropriate

conpliance deadline in the first place.

O her costs associated with a shorter deadline include:
1) increased probability of service disruption, 2) decreased
i kel i hood of the availability of conpeting TAWS products,
and 3) difficulties in drafting and approvi ng FAA techni cal

standards for TAWS technol ogy.

The principle objection to | engthening the conpliance
period is that the flying public would forego significant

safety benefits without a substantial decrease in costs.
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The FAA's analysis indicates that delaying the conpliance
deadl i ne beyond the current proposal would not result in

| ower downtinme or certification costs. Rather, cost savings
woul d equal the nodest return to capital (that would be
spent on TAWS equi pnent) that would be realized during the
short tinme that the operator could postpone retrofit. It is
true that a |l onger conpliance period would permt sone
airplanes to be retired without retrofit. However, these

ai rpl anes would have to be replaced with TAWS conpl i ant
aircraft (either through purchase or |ease), therefore the

net cost savings is negligible.

The FAA al so considered a hybrid two-stage approach
designed to: 1) give operators of older airplanes a cheaper
conpliance option, and 2) require quicker fleet installation
of at least a current generation GPWs unit. In this
approach, all U'S. registered turbine-powered airplanes with
6 or nore passenger seats would be required to have a
m ni mum of upgraded GPWS within an initial conpliance period
(e.g. 1 year); and an FAA-approved terrain awareness and
war ni ng system by a second conpliance period (e.g. 5 years).
Theoretically, costs for many operators would be | ower due
to lower GPWS costs and the availability of GPWs STC s for
nost affected airplane nodels. There are two problens with

t hi s approach
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First, this proposal increases the |ikelihood of
service disruptions. The two-stage approach only makes
sense if the initial and secondary conpliance deadlines are
sufficiently far apart. |If the initial and secondary
deadl i nes were only separated by one or two years, for
exanple, it is unlikely that any operator would choose to
install an upgraded GPWS system Del aying the secondary
(TAW5) deadline is unacceptable to FAA for the safety
reasons cited above. Thus, the initial deadline--affecting
all airplanes with no or early-generation GPWS equi pnent - -
woul d have to be relatively early. Depending on the
specific date chosen, the initial deadline could require
retrofit of over 12,000 airplanes (wth current generation

GPW5) within a one or two year period.

Second, FAA's analysis of the affected airpl ane
popul ation indicates that a | arge nunber of operators of
ai rplanes that would need to be retrofitted by the initial
deadl i ne woul d choose to have TAWS equi pment (primarily
because they woul d expect these airplanes to be in-service
after the secondary deadline). As noted above, it is
unlikely that TAWS production wll be able to accommvodate
this demand. Thus, operators who could not obtain TAWS
woul d have to install upgraded GPWS and then retrofit TAWS
approximately five years later. That is, the FAA woul d

conpel some operators--nost likely smaller operators with
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little market influence--to retrofit twice within five

years.

Third, as noted above, it is difficult to justify
retrofitting upgraded GPWS in place of an existing early-
generation system The cost difference between GPW5 and
TAWS is relatively snmall--especially in consideration of the
trade-in value of the existing unit (in sonme installations
upgraded GPW5S may be nore expensive than TAWS) --but the
difference in risk reduction is substantial. A prelimnary
analysis (of a conpliance alternative that would require
upgraded GPW5S within one year and TAWS within five years)
showed that the projected reduction in the part 121 CFIT
accident rate associated with replacing early GPW5 with TAWS
was three tinmes the rate reduction associated with repl acing

early GPW5 with upgraded GPWS.

The FAA invites comment on the alternatives discussed
in this section and suggestions or other regulatory
alternatives that have not been considered. Submtted
al ternatives should include an analysis of the issues
di scussed here, including: 1) technical feasibility, 2)
econom ¢ considerations (e.g. TAWS production constraints,
probability of service disruption, supplier conpetition),

and 3) public safety inpacts.
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Initial Regulatory Flexibility Determ nation and Anal ysis

The Regul atory Flexibility Act of 1980 (RFA) was
enacted by Congress to ensure that small entities are not
unnecessarily and di sproportionately burdened by governnent
regul ations. Specifically, the RFA requires federal
agencies to prepare an initial regulatory flexibility
anal ysis for any proposed rule that would have a
"significant econom c inpact on a substantial nunber of
smal |l entities." The purpose of this analysis is to ensure
that the agency has considered all reasonable regul atory
alternatives that would mnimze the rule's econom c burdens
for affected snall entities, while achieving its safety

obj ecti ves.

Entities potentially affected by the proposed rule
i ncl ude manufacturers of transport category airplanes,
manuf acturers of TAWS/ GPWS systens, and air carriers. 1In
addition, the rule would affect many ot her types of snal
entities which operate turbine-powered airplanes seating six
or nore passengers under 14 CFR part 91 (e.g. smal
busi ness, governnents, and other private or public
organi zations). There are thousands of operators of such
ai rpl anes and, therefore, potentially thousands of entities
representing hundreds of industries, organizations, and

institutions. The FAA acknow edges, therefore, that a
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substantial nunber of small entities could be significantly

af fected by the proposed rule.

As not ed above, the proposed rule is the cul mnation of
an analysis of a nunber of alternatives (in fact, the FAA
has rul ed out several alternatives that woul d have i nposed
nmore costly requirenents on small entities). Three cost-
reduci ng conpliance options were consi dered for snal
entities specifically: 1) exclude small entities, 2) extend
conpliance deadline for small entities, and 3) establish

| esser technical requirenents for small entities.

The FAA's analysis indicates that the option to exenpt
small entities fromthe requirenents of the proposed rule is
not justified. 1In fact, as noted in the preanble, the
accident history of part 91 operators (many of whom are
smal| entities) forns the basis of the NTSB s recomrendati on
to require ground proximty warning systens on snaller

turboj et and turboprop airplanes.

The FAA al so consi dered options that would | engthen the
conpliance period for small operators. The requirenent as
proposed, however, would place a nodest burden on snal
entities wwth respect to tinme constraints. Small entities--
by definition operating small nunbers of airplanes--would
have four years fromthe effective date of the rule to
conplete retrofit work. As noted earlier, delaying the

conpl i ance deadl i ne beyond the current proposal would not
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result in lower downtime or certification costs. Rather,
cost savings would equal the nodest return to capital (that
woul d be spent on TAWS equi pnent) that would be realized
during the short tine that the operator could postpone
retrofit. On the other hand, |engthening the conpliance
peri od woul d expose airplane occupants to significant safety

risks for a longer period of tine.

Finally, the FAA' s analysis indicates that conpliance
options that would permt non-TAWS t echnol ogi es are not
cost-effective. For airplanes not equi pped with any ground
proximty warning system TAWS units would provide up to 23%
greater CFIT risk reduction over current-generation GPWS at
very little additional cost. (In fact, in sone
installations, upgraded GPW5 may be nore expensive than
TAW5.) In cases where aircraft already have GPWS, VNTSC and
FAA anal yses indicate that the safety benefits of TAWS

outwei gh the costs of retrofit.

The FAA invites coments on its analysis of smal
entity inpacts and alternatives. Comments shoul d include:
1) conpliance issues that are specific to small entities
(e.g. cost and technical feasibility), 2) public safety
i npacts, and 3)other small entity conpliance alternatives

not consi dered here.

I nternational Trade I npact Assessnent
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Recogni zi ng that nom nally donestic regul ations often
affect international trade, the Ofice of Managenent and
Budget directs Federal Agencies to assess whether or not a
rule or regulation will affect any trade-sensitive activity.
The proposed rule could potentially affect international
trade by burdeni ng donestic businesses or air carriers with
requi renents that are not applicable to their foreign
conpetitors. In general, the FAA concludes that the
potential international trade inpacts associated with the
proposed rule would be negligible. Many donestic and
foreign air carriers are already voluntarily installing TAWS
equi pnent in recognition of the substantial safety benefits.

A summary of potential inpacts follows.

There is only one line of FAA-approved systens that
nmeets the requirenents of the proposed rule. The proposed
requi renent could give the manufacturer of this product |ine
a conpetitive advantage relative to foreign and donestic
conpetitors by creating a substantial and i medi ate demand
for enhanced GPW5 units. Mnopolistic control of this |large
market, in turn, may permt the manufacturer to take
advant age of scale econom es and | earning curve effects--
advant ages that woul d be unavail able to other potenti al
manuf act urers who have not yet devel oped TAWS equi pnent.
Thi s production cost advantage may pernmt the dom nant

manuf acturer to set prices so as to exclude market entry,
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but maintain economc profits. ("Economc profits"” in the
sense that they are above the standard return for that

particul ar industry.)

The FAA's analysis indicates that the proposed rule
woul d have a negligible effect on the conpetitive position
of donestic airframe manufacturers. Under the proposed
rul e, domestic manufacturers, could continue to offer basic
GPWS units on airplanes sold to foreign custoners (if the
airplane is not U S registered). Foreign airfranme
manuf acturers, on the other hand, would be required to equip
ai rplanes sold to U.S. custoners (operating under 14 CFR

parts 91, 121, or 135) with TAWS

Donestic firnms leasing aircraft to foreign operators
may be adversely affected by the part 91 provisions of the
proposed rule. Donestic |easing conpanies, for liability
reasons or to position thenselves to | ease to both 14 CFR
part 121 and foreign carriers, often choose to maintain U S
regi stered fleets. Thus, their |ease prices would have to
reflect TAWS retrofit costs while the prices of foreign
conpetitors would not (in sone cases, the lessee is directly
responsi bl e for nodifications required by airworthiness
directive or regulations--but in either case the
di sincentive effect is the sane). Gven the snmall cost of
TAWS rel ative to average airplane val ues, the FAA concl udes

that the potential international trade inpact would be
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small. Also, TAWS equi pped airplanes woul d be safer and
thus nore attractive to potential |essees--and their
passengers. Increased patronage attributable to the
operation of safer airplanes would also partially offset the

costs of conpliance.

The potential inpact to air carriers is, again, a
function of the aircraft registration. Foreign air carriers
operating U S. registered airplanes would be required to
install TAWS as would U.S. air carriers. To this extent,
operators of U S. registered airplanes woul d have costs not

applicable to non-U S. registered conpetitors.

Conversely, CFIT accidents are a | eadi ng cause of
commercial aviation fatalities worldwde. It is likely that
know edgeabl e passengers would be nore than willing to pay
the small difference in price to travel on an airplane
equi pped with TAWS. Voluntary industry initiatives to
install enhanced ground proximty warning systens are
consistent wwth the view that TAWS benefits far exceed its
costs, and could have beneficial effects for donestic

airlines conpeting for international passenger traffic.
Unf unded Mandates Reform Act Anal ysis

Title I'l of the Unfunded Mandates Reform Act of 1995
(the Act), enacted as Pub. L. 104-4 on March 22, 1995,

requi res each Federal agency, to the extent permtted by
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law, to prepare a witten assessnent of the effects of any
Federal mandate in a proposed or final agency rule that may
result in the expenditure by State, local, and tri bal
governnents, in the aggregate, or by the private sector, of
$100 million or nore (adjusted annually for inflation) in
any one year. Section 204(a) of the Act, 2 U S. C 1534(a),
requi res the Federal agency to develop an effective process
to permt tinmely input by elected officers (or their

desi gnees) of State, local, and tribal governnments on a
proposed “significant intergovernnental nmandate.” A
“significant intergovernnental nmandate” under the Act is any
provision in a Federal agency regulation that will inpose an
enforceabl e duty upon State, local, and tribal governnents,
in the aggregate, or by the private sector, of $100 mllion
(adjusted annually for inflation) in any one year. Section
203 of the Act, 2 U S. C. 1533, which supplenents section
204(a), provides that before establishing any regul atory
requi renents that mght significantly or uniquely affect
smal | governnents, the agency shall have devel oped a pl an
that, anmong other things, provides for notice to potentially
affected small governnents, if any, and for a neani ngful and
tinmely opportunity to provide input in the devel opnent of

regul at ory proposals.

The FAA has determ ned that the proposed rule would

i kel y have an econom ¢ inpact on the private sector
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exceeding $100 million in certain years; and that the
econom c inpact to State, local, and tribal governnents
woul d be far less than this threshold. Since the proposed
rul e does not inpose an enforceable duty upon State, |ocal,
and tribal governments in the aggregate, of $100 million
(adjusted annually for inflation) in any one year, the FAA
concludes that it does not constitute a significant

i nt ergovernnmental nmandate as defined in the Act.

Federalism I nplications

The regul ati ons proposed herein would not have
substantial direct effects on the States, on the
rel ati onshi p between the national governnent and the States,
or on the distribution of power and responsibilities anong
the various levels of governnent. Therefore, in accordance
w th Executive Order 12612, it is determned that this rule
does not have sufficient federalisminplications to warrant

the preparation of a Federalism Assessnent.

Paperwor k Reduction Act

As required by the Paperwork Reduction Act of 1995 (44
U S C 3507(d)), the FAA has submtted a copy of these
proposed sections to the O fice of Managenent and Budget for
its review. The agency is not collecting information. This
NPRM pr oposes to mandate a Terrai n Awar eness and WAr ni ng

Systemfor all turbine powered airplanes of 6 or nore
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passenger seating. TAWS is a passive, electronic, safety
device located in the avionics bay of the airplane. TAWS
alerts pilots when there is terrain in the airplanes’ flight
path. Since there is not an actual collection of
i nformati on, we cannot estimate a burden hour total.
However, for the purpose of controlling this subm ssion, we
w Il assign an one hour burden to the package. There is a
total cost estimate of 140 mllion dollars per year, for
installation of the passive, electronic, safety device.
Organi zations and individuals desiring to submt
comments on the information, billing, and collection
requi renents should direct themto the Ofice of Information
and Regul atory Affairs, OvVB, Room 10202, New Executive
O fice Building, Washington, DC 20503; Attention: Desk
O ficer for Federal Aviation Admnistration. These conments
shoul d refl ect whether the proposed collection is necessary;
whet her the agency’s estimate of the burden is accurate; how
the quality, utility and clarity of the information to be
col l ected can be enhanced; and how the burden of the
collection can be mnimzed. A copy of the comments al so
shoul d be submtted to the FAA Rul es Docket.
OMB is required to make a deci sion concerning the
collection of information contained in this NPRM between 30
and 60 days after publication in the Federal Register.

Therefore, a coment to OMB i s best assured of having its
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full effect if OMB receives it wthin 30 days of
publication. This does not affect the deadline for the

public to comment on the NPRM

I nternational Conpatibility

The FAA has reviewed corresponding International G vil
Avi ation Organi zation international standards and
recommended practices and Joint Aviation Authorities
requi renents. TAWS is a new systemrecently devel oped by
American industry. The FAA intends to work through the | CAO
process to harnmonize this rule with the international

comunity.

Li st of Subjects

14 CFR Part 91

Aircraft, Aviation safety.

14 CFR Part 121

Aircraft, Aviation safety, Safety.

14 CFR Part 135

Aircraft, Aviation safety.
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The Proposed Anendnent
For the reasons discussed above, the Federal Aviation
Adm ni stration proposes to anend 14 CFR parts 91, 121, and

135 as foll ows:

PART 91 -- GENERAL OPERATI NG AND FLI GHT RULES

1. The authority citation for part 91 continues to
read as foll ows:

Authority: 49 U S.C. 106(g), 40103, 40113, 40120,
44101, 44111, 44701, 44709, 44711, 44712, 44715, 44716,
44717, 44722, 46306, 46315, 46316, 46502, 46504, 46506-

46507, 47122, 47508, 47528-47531.

2. Section 91.223 is added to read as foll ows:
8§ 91.223 Terrain awareness and warni ng system

(a) Airplanes manufactured after [one year after the

effective date of the final rule]. No person nmay operate a

tur bi ne-powered U. S.-regi stered airplane type certificated
to have six or nore passenger seats, excluding any pil ot
seat, unless that airplane is equi pped with an approved
terrain awareness and warni ng system including a terrain
situational awareness display, that neets the requirenents

of TSO- C151.
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(b) Airplanes manufactured on or before [one year after

the effective date of the final rule]. No person nmay

operate a turbine-powered U S. -registered airplane type
certificated to have six or nore passenger seats, excluding
any pilot seat, after [4 years after the effective date of
the final rule] unless that airplane is equipped with an
approved terrain awareness and warning system including a
terrain situational awareness display, that neets the

requi renments of TSO Cl151.

(c) Airplane Flight Manual. The Airplane Flight Manual

shal | contain appropriate procedures for--

(1) The use of the terrain awareness and warni ng
system and

(2) Proper flight crew reaction with respect to the
terrain awareness and warni ng system audi o and vi sual

war ni ngs.

PART 121 -- OPERATI NG REQUI REMENTS; DOVESTI C, FLAG AND
SUPPLEMENTAL OPERATI ONS

3. The authority citation for part 121 continues to
read as foll ows:

Authority: 49 U S. C. 106(g), 40113, 40119, 44101,
44701- 44702, 44705, 44709-44711, 44713, 44716-44717, 44722,

44901, 44903-44904, 44912, 46105.
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4. Section 121.354 is added to read as foll ows:
8§ 121.354 Terrain awareness and warni ng system

(a) Airplanes manufactured after [one year after the

effective date of the final rule]. No person nmay operate a

t ur bi ne- powered ai rpl ane unl ess that airplane is equipped
wi th an approved terrain awareness and warni ng system
including a terrain situational awareness display, that
nmeets the requirenents of TSO C151.

(b) Airplanes manufactured on or before [one year after

the effective date of the final rule]. No person may

operate a turbine-powered airplane after [four years after
the effective date of the final rule], unless that airplane
is equipped with an approved terrai n awareness and warni ng
system including a terrain situational awareness display,
that nmeets the requirenents of TSO Cl51.

(c) Airplane Flight Manual. The Airplane Flight Manual

shal | contain appropriate procedures for--

(1) The use of the terrain awareness and war ni ng
system and

(2) Proper flight crew reaction with respect to the
terrain awareness and warni ng system audi o and vi sual

war ni ngs.

5. Section 121.360 is anended by addi ng paragraph (g)

to read as foll ows:
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8§ 121.360 G ound proximty warning-glide slope deviation
alerting system
(g) This section expires on [four years after the

effective date of the final rule.]

PART 135 -- OPERATI NG REQUI REMENTS: COVMUTER AND ON- DEMAND
OPERATI ONS

6. The authority citation for part 135 continues to
read as foll ows:

Authority: 49 U.S. C. 106(g), 40113, 44701-44702,

44705, 44709, 44711-44713, 44715-44717, 44722.

7. Section 135.153 is anmended by addi ng paragraph (f)
to read as foll ows:
§ 135.153 Ground proximty warning system

(f) This section expires on [four years after the

effective date of the final rule.]

8. Section 135.154 is added to read as fol |l ows:
8§ 135.154 Terrain awareness and warni ng system

(a) Airplanes manufactured after [one year after the

effective date of the final rule]. No person nmay operate a

t ur bi ne- powered airplane type certificated to have six or
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nor e passenger seats, excluding any pilot seat, unless that
ai rplane i s equi pped with an approved terrain awareness and
war ni ng system including a terrain situational awareness
di splay, that neets the requirenents of TSO Cl151.

(b) Airplanes manufactured on or before [one year after

the effective date of the final rule]. No person may

operate a turbine-powered airplane type certificated to have
Si X or nore passenger seats, excluding any pilot seat, after
[insert date 4 years after the effective date of the final
rule], unless that airplane is equi pped with an approved
terrain awareness and warni ng system including a terrain
awar eness and warni ng system that neets the requirenents of
TSO C151.

(c) Airplane Flight Manual. The Airplane Flight Mnual

shal | contain appropriate procedures for--

(1) The use of the terrain awareness and warni ng
system and

(2) Proper flight crew reaction with respect to the
terrai n awareness and warni ng system audi o and vi sual

war ni ngs.

| ssued i n Washi ngton, DC, on August 19, 1998.

/sl Thomas E. McSweeny
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Director, Aircraft Certification Service
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